






























Post-print version: Lagos-Varas, M., Movilla-Quesada, D., Arenas, J. P., Raposeiras, A. C., Castro-Fresno, D., Calzada-Pérez, M. A., Maturana, J. (2019). Study of the mechanical behavior of asphalt mixtures using 
fractional rheology to model their viscoelasticity. Construction and Building Materials, 200, 124-134. doi:10.1016/j.conbuildmat.2018.12.073 




















binder	and	the	aggregate	contributions	are	considered	separately.	Equations	are	obtained	using	derivatives	of	 fractional	order	and	 they	were	 implemented	 into	computer	codes	using	MATLAB©.	Creep,	 recovery,	and	relaxation	phenomena	 in	an	asphalt	mixture	are
analyzed	using	the	new	model	and	compared	with	the	Burgers	model.	Results	of	the	experimental	validation	of	the	model	are	presented	in	Section	3.	Finally,	the	main	conclusions	are	summarized	in	Section	4.
2	A	rheological	model	of	asphalt	viscoelasticity







































viscoelastic	material	separately.	However,	 if	an	asphalt	mixture	 is	tested,	the	Burgers	model	states	that	 the	first	strain	 is	caused	by	the	aggregate-binder.	This	could	be	incorrect,	because	when	a	mixture	 is	subjected	to	a	 load	the	first	deformation	 is	always	suffered
exclusively	by	the	binder,	since	this	a	softer	material.










































































































The	results	of	 the	 fractional	simulation	at	different	 temperatures	are	shown	 in	Table	1.	The	creep	phenomenon	develops	the	 instantaneous	elastic	 jump	represented	by	 the	first	spring	of	 the	model	 (ξ1).	Unlike	 the	present	approach,	classical	models	cannot
represent	 this	 elastic	 jump	 with	 real	 values	 since	 it	 is	 not	 associated	 with	 the	 binder	 (represented	 by	 the	 first	 spring).	 The	mixture	 with	 the	 conventional	 binder	 increases	 the	elastic	 jump	 with	 the	 temperature,	which	 causes	 the	decreasing	 of	 the	 elastic	 modulus,
transforming	its	behaviour	to	the	viscoelastic	range.	The	mixture	with	the	PMB	45/80-65	binder	keeps	the	elastic	jump	relatively	constant	generating	a	more	stable	value	of	elasticity	with	the	variation	of	temperature	in	the	linear	viscoelasticity.
Table	1	Creep-recovery	of	asphalt	mixtures	for	a	load	of	5 kN.
Type	of	binder Temperature	(°C) ξ1	(MPa) ξ2	(MPa) η	(MPa * s) α β (mm) (mm)
B	50/70 −10 8.6850 638.1 30.5400 0.2207 0.0211 0.0080 2.4110 0.99
5 3.7080 635.0 12.2900 0.1711 0.0743 0.2185 3.4340 0.98
20 3.8710 635.0 4.6300 0.1639 0.1276 0.3790 13.5900 0.99
35 3.8710 635.0 2.9740 0.1309 0.1706 0.4752 13.7400 0.99
PMB	45/80-65 −10 7.2380 630.0 53.2300 0.2454 0.0105 0.0010 1.3230 0.98
5 6.1770 635.0 15.3700 0.1565 0.2590 0.1464 1.3230 0.99
20 7.2380 635.0 4.4240 0.1565 0.3190 0.3270 14.4600 0.99
35 7.2380 635.0 3.1350 0.1145 0.3795 0.3514 14.0700 0.99
Fig.	7	Creep-recovery	tests	on	binder	B	50/70	(a)	and	PMB	45/80-65	(b).	Comparison	between	experimental	data	(solid	line)	and	predictions	(dashed	line)	at	different	temperatures	are	shown.
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Appendix	A
The	total	strain	of	the	system	shown	in	Fig.	1	is	given	by
The	fractional	differential	equations	are	given	by
and
Taking	the	fractional	derivative	of	order	α + β	of	Eq.	(A.1)	with	respect	of	time	yields
Now,	by	taking	the	fractional	derivative	of	order	β	of	Eq.	(A.2)	and	that	of	order	α	of	Eq.	(A.3),	we	get
and
Substituting	Eqs.	(A.5)	and	(A.6)	into	Eq.	(A.4)	gives
In	order	to	express	the	fractional	differential	Eq.	(A.7)	as	a	function	of	the	total	strain	ε	only,	we	take	the	fractional	derivative	of	order	α	of	Eq.	(A.1)	with	respect	of	time
Solving	for	 in	Eq.	(A.8)	and	using	Eq.	(A.2)	one	obtains	the	following	equation
Now,	substituting	Eq.	(A.9)	into	Eq.	(A.7)	gives
(A.1)
(A.2)
(A.3)
(A.4)
(A.5)
(A.6)
(A.7)
(A.8)
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After	arranging	terms,	Eq.	(A.10)	is	expressed	as
where	the	time	variable	is	not	explicitly	shown	for	notational	simplicity.
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Highlights
• A	new	model	is	presented	to	study	asphalt	mixtures	composed	of	aggregate	particles	attached	with	an	asphalt	binder.
• Viscoelastic	equations	for	an	asphalt	mixture	are	developed	using	derivatives	of	fractional	order.
• The	creep,	recovery,	and	relaxation	phenomena	in	an	asphalt	mixture	are	analyzed	using	the	new	model.
• The	new	model	better	represents	practical	cases	of	asphalt	mixtures	used	in	the	construction	of	pavement	layers.
• The	model	can	be	used	to	modify	the	properties	of	the	binder	for	designing	optimized	and	more	resistant	asphalt	mixtures.
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